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SECTION 1
INTRODUCTION

The overall objective of the test program was to develop a data base
on the static and fatigue behavior of metal and composite panels loaded under
uniaxial compression and shear well into the postbuckling range. The test
program was tailored to fill in the data gaps that were identified in the
technology assessments conducted in References 1 and 2. The specific
objectives of the static tests were to develop static strength and
displacement data for verification of the semiempirical design methodology and
the energy method based analysis described in Reference 3. The fatigue test
objectives were to obtain applied load versus life and failure mode data for
use in formulating fatigue analyses for postbuckled metal and composite panels

under combined loads.

Selection of the test specimen configuration, and the design
criteria were based on the geometric and loading conditions encountered in
actual aircraft fuselage construction. The following Sections detail the
design of the test specimens, a rationale for the selected test matrix and the
test data obtained. Correlation of the test results with analyses is given in

Reference 3.




SECTION 2
DESIGN OF TEST PANELS

The composite and metal curved panels tested in this program were
identical in configuration to the shear panels tested in Reference 2. Their
design for combined shear and compression loading was rechecked, however, in
light of the design criteria outlined below. The purpose of these cal-
culations was to determine if any changes to the web or the stiffener geome-
tries were necessary to avoid negative margins with respect to the design
loads selected. The panels have a radius of curvature of 45 inches which is
representative of an aircraft aft fuselage component. The metal and composite
panels are both designed to satisfy the same design criteria so that their

relative efficiencies could be compared.
2.1 DESIGN CRITERIA

Typical compression and shear loads on postbuckled components of an
aircraft fuselage structure can have a relatively wide range of values depend-
ing on the panel location and type of aircraft. In order to establish the
range of compression and shear loads encountered in fuselage design practice,
load distributions for several realistic aircraft fuselage structures were
surveyed. Table 1 shows the maximum load intensities under compression and
shear that can be expected in realistic aircraft fuselage panels. It should
be noted that the maximum compression and shear loads shown in Table 1 do not
occur in combination. The maximum compression load is generally seen by lower
fuselage panels where the shear loads are considerably lower than the maximum
value. The maximum shear loading, on the other hand, acts on fuselage side
panels were the compression loads due to fuselage bending are considerably
smaller than the maximum value. It is evident from Table 1 that the maximum

compression load intensities range between 1,000 1b/in and 2,000 1b/in,




TABLE 1. RANGE OF COMPRESSION AND SHEAR LOADS IN REALISTIC AIRCRAFT
FUSELAGE PANELS.

PANEL RADIUS PANEL LOADS, LB/IN *
AIRCRAFT OF
CURVATURE MAXlMU&A AXIAL, MAXIMUR': SHEAR,
X Xy

F-15 + > 40 in. - 2000 700

F/A-18 + > 40 in. - 1800 700

Twin Engine * 0in 1000 o
Superscnic V/STOL > . .

Twin Engine

Subsonic V/STOL >40in. - 1000 450

* Loads do not act simultaneously
+ Reference 4

whereas the maximum shear load intensities range between 400 1b/in to 700
1b/in with the worst case combination determined by panel location on the
fuselage. Postbuckled designs at the higher end of this load range were
investigated in a Navy sponsored program (Reference 4) where the F/A-18 fuse-
lage maximum loads have been used for test panel design. These design loads
correspond to panels located in the lower fuselage section. In order to
expand the combined loading design data base, the test panels in this program
are designed to investigate the other extreme of the load range shown in Table
1. The design ultimate loads selected are based on side panel loading con-
ditions for a supersonic fighter aircraft. The maximum compression load in-
tensity for these panels is 1,000 1b/in and the maximum shear load intensity
is 700 1b/in. Thus, for the program test panels a limit load intensity of 660
1b/in in compression and 600 1lb/in in shear was selected as the design goal.

The initial buckling load requirement for the panel skins was set at approxi-
mately 30 percent of the design limit load, with no rupture or collapse of the
panel to occur prior to the design ultimate load (1.5 times the design limit

load).

Analysis of the Reference 2 shear pancls for the above design cri-

teria was performed and is detailed in the following paragraphs.




2.2 ANALYSIS OF CURVED PANELS FOR COMBINED LOADING

The composite test panel configuration is shown in Figure 1 and
Figure 2 shows the metal panel configuration. These panels were analyzed for
initial buckling loads and wultimate strengths for various combinations of
compression and shear 1loads. The semi-empirical analysis methodology
developed in Reference 2 for panels loaded in shear or compression only in
conjunction with interaction rules available from combined load data generated

in Reference 4 were used for the analysis.

2.2.1 Test Panel Configurations

The composite panel, Figure 1, consisted of three cocured hat
stiffeners and two cocured J-section frames. The panel edges were thickened
for load introduction purposes. The panel configuration gives two identical
test bays in addition to load introduction bays so that postbuckling deforma-
tion can fully develop without undue restraints. The materials used in panel
fabrication were Hercules AS4/3501-6 graphite/epoxy tape and A370-5H/3501-6
biwoven graphite/epoxy. The mechanical properties for these materials are
given in Table 2. The fabrication procedures for the composite panels are

identical to those well established in Reference 2.

TABLE 2. GRAFHTTE/EPOXY MATERIAL PROPERTIES

A370-5H/3501-6
PROPERTY /3501-

OPE AS/3501-6 (FABRIC)
ES. psi 18.7x10° 10.0x 10°
ES. psi 1.87x10° 9.2x 108
Gz, psi 0.85 x 10° 0.9x 108
Uiy 0.3 0.055
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AND10138-1206 Z-Sectioms.

The metal panels,

stringers and frames.

for load introduction purposes.

panel configuration provides two identical test bays.

Figure 2,

Rings are AND10138-130

10 EQSP

10 EQ SP HL 11V-6-3 PIN
!

HL 79-6 COLLAR

Stringers are
Z Sections.

are stiffened with bolted Z-section

The panel edges were reinforced with a bonded doubler

As in the case of composite panels, the metal

The metal Z-section

edges are rounded to avoid fatigue crack initiation in the skins due to the

sharp stiffener flange corner bearing on the skin.

2.2.2

Composite Panel Analysis Under Shear Loads

Analysis of the

composite

performed in Reference 2 using program TENWEB.

in Reference 2 and the program run is included in Appendix A.

panel under shear loading alone was

The analysis details are given

The salient

features of panel analysis under shear loading are given below.




Initial Buckling Analysis. The composite panel web is 5 plies thick

with a (459/90/459) layup, where the underscore denotes woven reinforcement.
A buckling analysis of the panel using program BUCLASP-2 showed that for a
stiffener spacing of 10 inches and a frame sp.cing of 24 inches, the initial
shear buckling load of the web N:y,cr, was 200 1lb/in for boundary conditions
intermediate between simply supported and fixed. These calculations are

documented in Reference 2.

The actual measured average shear buckling strain for the skin was
Txy,cr = 1184 pin/in. This translates to a buckling shear flow of 284 1b/in.
Thus, the initial buckling shear flow used in the present calculations with

program TENWEB was 284 1lb/in.

Failure Analysis. Failure analysis of the panel was performed using
the modified tension field theory and semi-empirical failure criteria given in
Reference 2. The compression failure strain wvalue used in the calculations

was ecy = 0.015. As shown in Appendix A, for the panel and stiffener configu-

ration selected, an ultimate shear flow of N;yi:= 850 1b/in gives a minimal
margin of safety of 1.0 percent on the ring. Thus, the predicted failure load
for the panel ranges between 850 1b/in and 875 1lb/in. This load corresponds
to a design limit shear flow of betwr : 570-584 1b/in. The predicted failure
mode is forced crippling of the ring. It was demonstrated in Reference 2 that
such a failure mode results in separation of skin and the ring, and the forced
crippling strain, therefore, is also a measure of the latter failure strain.

The predicted angle of diagonal tension is 39.7°.

2.2.3 Composite Panel Analysis Under Compression Loads

Program CRIP developed in Reference 2 was used to analyze the panel
shown in Figure 1 for compression loading. In addition, to analyze for the
stiffener web separation mode of failure, the semi-empirical criteria devel-

oped in Reference 2 was used.




A computer run of CRIP for the panel configuration given in Figure 1
is given in Appendix B. The salient features of the results are summarized

below.

Initial Buckling Analysis. The 1initial buckling strain calculated
for the skin using program SS8 was €x,cr = 270 puin/in which corresponds to a
o
running axial load Ny oy = 264 1b/in.

Fajlure Analysis. The compression failure modes analyzed for were
Euler buckling of the panel as a whole, stiffener crippling and stiffener/web

separation. The Euler buckling strain for the panel calculated in program

E
CRIP was ¢E = 0.0166 in/in corresponding to a running load Ny = 2453 1b/in.

The total 1load at stiffener crippling, P€C, was 42,680 1b corre-

cc
sponding to a running load Ny = 1,423 1b/in for the 30-inch wide panel.

In order to calculate the stiffener/web separation failure load, the

following equation was used

0.72715
sk Je
€gs = 0.4498 e, |2
¢Sk
crY

where, egg is the stiffener/web separation strain, €g, = 0.015 is the compres-

sk
sion ultimate strain, and €., =~ 0.00056 is the skin buckling strain. The
calculated stiffener/web separation strain egg was 0.00277 in/in. The corre-

sponding running load for stiffener/web separation was Ny gg = 1288 1lb/in.

Thus, the predicted failure mode for the panel under compression

loading alone was stiffener/web separation.

2.2.4 Combined Loading Interaction Curves for Composite Panels

The initial buckling interaction curve and failure envelope for the

composite test panel are shown in Figures 3 and 4, respectively. For the




initial buckling interaction curve a parabolic law was assumed. Buckling
loads under combined loading were also calculated using program SS8 (Reference

5) and the resulting interaction curve is shown in Figure 3 for comparison.

In the final failure of the panel, the critical modes are stiffener
and ring forced crippling under shear loading and stiffener web separation and
stiffener crippling under compression loading. Under combined 1loading the
axial strains in the stiffener due to the shear and compression loads add up
and the total stiffener load is that caused by the total strain. In terms of

running loads Ny and Ngy the total stiffener load at crippling is given by:

PCC = (EA)geg
where (EA)g is the stiffener axial stiffness and £g is the total strain in the

stiffener obtained from Equation 37 in Reference 6 and is expressed as:

-N h k N cota
€ - X_S _ Xy
s
(EA)
(EA)g + w tyFEyg tyw $40.5(1-k)EygRg
hgty

600 [
s Re = Nx/N:,er

S00 [ icti °
< . $S8 Predictions Rs = Ny Np
2 [
- 4 e
X % [ Rc + Rg =1
z o
a -
Q 300 .
o -
J -
o |
< 200 [
w L
I L
» -

100 [~

0 i R
0 100 200 300 400 500
COMPRESSION LOAD N, , Ib/in
Figure 3. 1Initial Buckling Interaction Curve for Composite Panels.
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This expression, i.e., the 1linear superposition of the two strains, is
reflected in the failure load interaction diagram of Figure 4. The combination
of shear and compression loads required to cause failure by stiffener
crippling is shown as a linear interaction in Figure 4. In the program test
panels ring forced crippling is the predicted failure mode under shear loads,
and stiffener/web separation 1is predicted to cause panel failure under
compression loads. These modes are included in the interaction diagram of

Figure 4 to define the composite test panel design envelope.

2.2.5 Metal Panel Analysis Under Shear Loads

The metal panels were analyzed for shear loading using program
TENWEB. The program run for this analysis is given in Appendix C. The

results of this analysis are summarized below.

Initial Buckling Analysis. Initial shear buckling load for the
metal panel was calculated using Figure C9.4 of Reference 7 as N:y,cr = 446
lb/in. This value was compared with actual test data obtained for these panels
in Reference 2. The average measured initial buckling load was lower than
the calculated value and equaled 325 1lb/in. Thus, for the metal shear panel

o
analysis Nyy,er = 325 1b/in was used.

Failure Analysis. The predicted failure mode from program TENWEB

based on the tension field theory was forced crippling of the stiffener. The
predicted failure load was approximately 875 1lb/in. The predicted angle of

diagonal tension was 40°.

2.2.6 Metal Panel Analysis Under Compression lLoads

Analysis of the metal panel under compression loading was accom-
plished using the classical methods documented in Reference 7. A summary of

the analysis is presented in the following paragraphs.

12




Initial Buckling Analysis. The initial buckling load for the metal

panel under compression loading was calculated using the following parameters:

Stiffener spacing bg = 10 inches
Web thickness ty = 0.063 inch
Panel length L = 24 inches

For local buckling of web in between stiffeners, the buckling stress F., for a

curved panel in compression is given in Reference 7 as:

2 2
Kc n¢ E (tw)

(12(1-»2) bs
where
Ko = 12 (obtained from Figure C9.1 in Reference 7)
For = 4606 psi

The stiffener area Ag = 0.338 inch and the corresponding running load is given

by:

o A +bt
s S W

Ny,cr = For ° teq . - 446 1b/in
S

© Fer

Failure Analysis. The panel failure modes interrogated in the
analysis were Euler buckling of the panel and stiffener crippling. The
stiffener crippling stress F.g was calculated using Figure C7.9 of Reference 7
as 52 ksi. The effective web width at the time of stiffener crippling, w, was

obtained from.

£
L]

1.9ty J—E— (Reference 7)
Fes

1.72 inches

13




Thus, the total load at panel failure Pyj. was

Pylt = Fes (Ag +w - ty) = 52,000 (0.338 + 1.72 x 0.063)

= 23,210 1b

ult
ence, the ultimate failure load per unit width Ny is:

ult P 1
Ny = -uit = 2321 1b/in
bS

The Euler buckling stress was calculated using

r2E1
e
L2a
et

FC]’.‘

where, Ly is the effective length of the panel, Ay is the total area of the

panel and I, is the panel moment of inertia about the neutral axis.

Because the frame spacing for design purposes is assumed to be 24
inches, the effective length "L" for Euler buckling is 12 inches assuming

fully fixed ends. Thus, calculated Euler buckling stress of the panel is:

E
Fer = 232 ksi

The actual Euler buckling stress will be lower than the value
determined above due to plasticity effects. However, this stress is consider-
ably in excess of the stiffener crippling stress and, therefore, the predicted

failure mode is stiffener crippling.

Combined Loading Interaction Curves for Metal Panel. The initial

buckling load interaction curve for the metal panel was obtained using a

parabolic law and is shown in Figure 5.

The failure load interaction diagram for the metal panel is shown in
Figure 6 and was obtained assuming a linear interaction for stiffener

crippling.
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SECTION 3
TEST PLAN

The selection of a suitable test matrix for the program was made
after a careful examination of the existing experimental data and the overall
objectives of the program. As mentioned in Section 1, curved metal and com-
posite panels subjected to combined loads were tested in this program. The
overall test matrix is shown in Table 3. These tests were intended to provide
data for wverification of semi-empirical and non-empirical analysis
methodologies, and for metal panel fatigue 1life prediction methodology

development,

A total of 20 panel tests (8 composite panels and 12 metal panels)
were conducted. Greater emphasis was placed on testing metal panels since no
experimental data existed for such panels subjected to fatigue loading. Each
test condition is replicated at least twice to demonstrate repeatability of
the test and to obtain more reliable test data for analysis verification. Two
values of the axial compression to shear load ratios Ny/Nxy were investigated
in the static tests to establish ?alidity of the analysis procedures in a wide
range of load ratios. For the fatigue tests, the load ratio was variable and
the two load amplitudes were keyed to their respective R-ratios and the panel

static strength.

3.1 STATIC TESTING

The composite and metal panel static tests were conducted to
determine the initial buckling and postbuckling combined loading interaction
curves, and the effect of order of shear and compression load application on
initial buckling and postbuckling strength. Tests conducted in a previous
program (Reference 2) provided the initial buckling and failure load data
under shear loading only, thus facilitating development of the interaction

curves.

17




TABLE 3.

PROGRAM TEST MATRIX (RTD ENVIRONMENT).

R-RATIO * MAXIMUM
PANEL TYPE OF LOAD FOR FATIGUE STATIC STRAIN
NO. MATERIAL TEST RATIO FATIGUE LOAD, % SURVEYS TO INITIAL
N,(/N,(y TESTS STATIC BUCKLING (N,/ny)
STRENGTH
GR1 STATIC 2.0 - -- 0,05,10 =,20
GR2
GR3 AS4 AND STATIC 0.5 - - 0,05,10,«,20
GR4 A370-5H/
3501-6
GRAPHITE- - - - -
GR5 EPOXY FATIGUE R, = 10, ny 1.0 70 0,05,10,20
GR6 -
GR7 FATIGUE - Ry = 10, ny = -1.0 70 0,05,10,20
GRS -—
AL-1 STATIC 0.5 - -— 0,05,10,0,20
AL-2 20 ~-— -
AL-3 STATIC 2.0 - -- 0,05,10,«,20
AL-4 0.5 -— -
AL-S FATIGUE -- R, = 10, ny = -10 66 0,05,10,20
AL-6 7075-T6 --
ALUMINUM
AL-7 FATIGUE - Rx = 10, ny = -1.0 54 0,05,10,20
AL-8 -—
AL-9 FATIGUE -— R, = 10, ny - -1.0 50 0,05,10,20
AL-10 -
AL-11 FATIGUE - R, = 10, ny - -10 60 0,05,10,20
AL-12 --
* R, DENOTES R-RATIO FOR COMPRESSION LOAD
R DENOTES R-RATIO FOR SHEAR LOAD

xy
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All static test panels were instrumented with back-to-back strain
gages to determine the strain distribution within the panels. The back-to-
back gages permitted determination of the bending and membrane strains. The
static test specimens, were extensively instrumented to obtain strain
distribution throughout the panels for non-empirical analysis verification.
The strain gage layout for these panels is shown in Figure 7. 1In order to
monitor the out-of-plane displacements, transducers at locations shown in
Figure 7 were also utilized. In addition to the strain gages and the
displacement transducers, the Moire’ fringe technique was used to monitor the
buckle patterns. The initial buckling load was obtained using the appropriate
back-to-back strain gage data. All static tests to failure were preceded by

strain surveys to initial buckling loads for a range of Nx/ny load ratios.

@

ANe P
AN o0 6 e
5

< Rosettes: Gages 3 through 6

l Axial: Gages 10 through 14

L. Shear: Gages 16 and 17
All gages are back-to-back

® LVDT

Figure 7. Strain Gage Layout and LVDT Locations for Static Test Panels.
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3.2 FATIGUE TESTING

Four composite panels and eight metal panels were tested under
constant amplitude fatigue loading. The maximum fatigue loads as a percentage
of the static strength are given in Table 3. All panels were subjected to a
maximum of 100,000 cvcles of constant amplitude fatigue loading. The panels
were inspected periodically to determine the change in the initial buckling
load and map any damage or fatigue crack growth. The compression loading was
applied at an R-ratio of 10, whereas, the shear loading was fully reversed (R
= -1). The metal and composite fatigue test panels were instrumented as shown
in Figure 8. Static strain surveys were conducted during the course of the
fatigue tests to determine the influence of cyclic loading on the initial
buckling loads. The panels that survived the 100,000 cycle fatigue test were

residual strength tested.

The composite and metal panels were tested in a specially designed
combined loading test fixture. The loading concept to introduce combined
shear and axial loads in cylindrically curved panels was developed and
verified under Northrop’s IR&D plans. A photograph of the test fixture is
shown in Figure 9. The fixture consists of a triangular cross-section hollow
tube. Two sides of this tube are flat "dummy" panels and the third side
houses the test panel. The shear load is introduced by twisting the tube
between flat, parallel platens, and the axial load by axial displacement of

these platens.

This test fixture was built and an aluminum panel tested to verify
the accuracy of the combined loading concept experimentally. The test panel
was 1identical to the metal shear panels tested under Air Force Contract
F33615-81-C-3208, Reference 2. The test results showed no interaction between

shear and compression loading.

20




< Rosettes: Gages 4 and 5
| Axial Gages 10 through 14

All gages are back-to-back

Figure 8. Strain Gage Layout for Fatigue
Test Panels.
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SECTION 4
TEST RESULTS
4.1 TEST PROCEDURES

As a first step in all the static and fatigue tests, a pair of
calibration runs were conducted to establish the actuator load to panel
running load conversion factors. One of the calibration runs was under
uniaxial compression alone and the other under torque loading only. Multiple
strain surveys up to a load level just beyond the skin buckling load were
conducted on all test articles. On the fatigue test panels additional strain
surveys were conducted after évery 25K to 30K cycles of loading. The
surviving fatigue specimens were residual strength tested at a load ratio
equal to the fatigue test load ratio. A majority of the static and fatigue
tests were videotaped to document buckling mode shapes and changes mode shapes

in the postbuckling load range.
4.2 COMPOSITE PANEL STATIC TEST DATA

Static strength and static strain survey data for composite panels
GR-1 through GR-8 are summarized in Tables 4 through 11. The static test
results are compared with predictions in Reference 3. The failure modes for
the static test articles are described in the respective data tables, i.e.,
Tables 4 through 7. All static tested composite panels failed by separation

of the skin from the stiffeners at the intersection of the stringers and

frames.
4.3 METAL PANEL STATIC TEST DATA

Data for all metal panel static tests are summarized in Tables 12
through 23. The static test results are compared with predictions in
Reference 3. The failure modes for metal panels tested for static strength
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are described in Tables 12 through 15. The metal panel failure mode under
compression dominated loading (Nx/ny = 2.0) was by stiffener crippling,
whereas for the shear dominated loading case (Nx/ny = 0.5) permanent set in

the skin concurrent with stiffener crippling was the observed failure mode.
4.4 COMPOSITE PANEL FATIGUE TEST DATA

The composite panel fatigue test data are summarized in Table 24.
The two panels tested at Nx/ny ratio of 2 experienced no fatigue failure
after 100,000 cycles of constant amplitude fatigue loading. The residual
static strength data for these panels are included in Tables 8 and 9. The
static failure mode was primarily skin-stiffener separation. Panels tested at
Nx/ny ratio of 0.5 failed during fatigue cycling. The fatigue failure mode
in these panels (GR-7 and GR-8) was by skin/stiffener separation accompanied

by skin rupture at the outer corner where the stiffener intersects the frame.
4.5 METAI PANEL_FATIGUE TEST DATA

Tiie metal panel fatigue test data and the failure modes are
summarized in Table 25. The dominant fatigue failure mode observed in these
panels was independent of the Nx/ny ratio. The basic fatigue failure mode in
the metal panel was crack initiation and subsequent crack propagation in the
skin. The crack initiation site for panels tested at Nx/ny ratio of
approximately 2 was at the junction of the skin and the stiffener. The crack
propagated initially along the stiffener direction. After a certain length,
the crack branched and grew toward the centerline of the bay in the diagonal
direction. For panels tested at Nx/ny ratio of approximately 0.5, cracks
initiated at the edges of the fastener holes in the skin. The subsequent crack

growth pattern was similar to that of panels tested at Nx/ny ratio of 2.
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APPENDIX A

COMPOSITE PANEL ANALYSIS FOR SHEAR LOADS

Interactive analysis of the composite panel under shear loads using

program TENWEB is presented in this Appendix.
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A>b:tenweb
File name missing or blank ~ Please enter name
UNIT 6? CON
YOU ARE EXECUTING COMPOSITE TENSION FIELD PROGRAM. “"GOOD LUCK""
INPUT NO OF MATERIALS USED IN PANEL CONSTRUCTION
UNIT 5? CON
2

INPUT - PANEL RADIUS,RING SPACING, STRINGER SPACING
45, 24. 10.

INPUT MATERIAL LAMINA PROPERTIES. LONGITUDINAL DIRECTION IS ALONG STRINGER AXIS

INPUT LAMINA PROPERTIES FOR MAT NO 1 “EL, ET,GLT,NULT”
10.E6 9.2E6 .9E6 .055

INPUT LAMINA PROPERTIES FOR MAT NO 2 "EL,ET,GLT,NULT"
18.7E6 1.87E6 .85E6 .3

2 MATERIALS ARE USED IN PANEL CONSTRUCTION. THE LAMINA PROPERTIES ARE AS FOLLOWS

EL ET GLT NULT
MATERIAL NO 1 .1000E+08 .9200E+07 .S000E+06 .055
MATERIAL NO 2 .1870E+08 .1870E+07 .8500E+06 .300

INPUT WEB LAMINATE PROPERTIES
ENTER NO OF LAYERS IN THE LAMINATE
5

INPUT MATERIAL KIND FOR 5 LAYERS
2*1 2 2*1

INPUT THICKNESS FOR 5 LAYERS
2%.013 .0052 2*.013

INPUT ORIENTATION FOR 5 LAYERS
2%45 90 2%45

INPUT STRINGER CONFIGURATION-- 1 FOR HAT, 2 FOR I SECTION
1

INPUT RING CONFIGURATION-- 1 FOR HAT, 2 FOR I SECTION
2

DO YOU WISH TO INPUT NEW STRINGER CONFIGURATION OR MODIFY ELEMENT LAMINATE PROPERTIES? INPUT
Y

1111111124646446444444211111111
2 2
2 2
2 2
233332

DO YOU WISH TO INPUT NEW ELEMENT WIDTHS? INPUT YES OR NO
Y

INPUT ELEMENT WIDTHS
1. 1.3 .75 1.12

DO YOU WISH TO INPUT LAMINATE CONFIGURATION FOR ELEMENT 1 INPUT YES OR NO
Y

ENTER NO OF LAYERS IN THE LAMINATE
11

INPUT MATERIAL KIND FOR 11 LAYERS
6*1 3*2 2*1
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INPUT THICKNESS FOR 11 LAYERS
6%.013 3% 0052 2*.013

INPUT ORIENTATION FOR 11 LAYERS
6%45 80 2*Q 2*45

DO YOU WISH TO INPUT LAMINATE CONFIGURATION FOR ELEMENT 2 INPUT YES OR NO
Y

ENTER NO OF LAYERS IN THE LAMINATE
4

INPUT MATERTAL KIND FOR 4 LAYERS
4%l

INPUT THICKNESS FOR 4 LAYERS
4* 013

INPUT ORIENTATION FOR 4 LAYERS
445

DO YOU WISH TO INPUT LAMINATE CONFIGURATION FOR ELEMENT 3 INPUT YES OR NO
Y

ENTER NO OF LAYERS IN THE LAMINATE
11

INPUT MATERIAL KIND FOR 11 LAYERS
2%] 772 2%1

INPUT THICKNESS FOR 11 LAYERS
2*.013 7*.0052 2*.013

INPUT ORIENTATION FOR 11 LAYERS
2*45 7*0 2%45

DO YOU WISH TO INPUT LAMINATE CONFIGURATION FOR ELEMENT 4 INPUT YES OR NO
Y

ENTER NO OF LAYERS IN THE LAMINATE
11

INPUT MATERIAL KIND FOR 11 LAYERS
2%1 7%2 2*1

INPUT THICKNESS FOR 11 LAYERS
2*,013 7%.0052 2*.013

INPUT ORIENTATION FOR 11 LAYERS
2%45 3*0 90 3*0 2%45

STIFFENER PROPERTIES

1111111124444644444444211111111
2 2
2 2
2 2
233332

ELEMENT NUMBERS 1 2 3 4
ELEMENT WIDTHS = 1.000 1.300 .750 1.120
ELEMENT THICKNESS = .120 .052 .088 .088
ELEMENT MODULAS = .47E+07 .31E+07 .96E+07 .83E+07
EA= .31E+07
EI= .90E+06
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YBAR= .355
DO YOU WISH TO INPUT NEW RING CONFIGURATION OR MODIFY ELEMENT LAMINATE PROPERTIES? fHPV™ YET
Y

11112222366667777
3

]

3
3
3 5
3
344445

DO YOU WISH TO INPUT NEW ELEMENT WIDTHS? INPUT YES OR NO

Y

INPUT ELEMENT WIDTHS
.75 .75 2.91. .4 .75 .75

DO YOU WISH TO INPUT LAMINATE CONFIGURATION FOR ELEMENT 1 INPUT YES OR NO
Y

ENTER NO OF LAYERS IN THE LAMINATE
8

INPUT MATERIAL KIND FOR 8 LAYERS
3%1 3%2 2*1

INPUT THICKNESS FOR 8 LAYERS
3*.013 3*.0052 2*%.013

INPUT ORIENTATION FOR 8 LAYERS
3%45 3%0 2%45

DO YOU WISH TO INPUT LAMINATE CONFIGURATION FOR ELEMENT 2 INPUT YES OR NO
Y

ENTER NO OF LAYERS IN THE LAMINATE
11

INPUT MATERIAL KIND FOR 11 LAYERS
4%l 5%2 2*1

INPUT THICKNESS FOR 11 LAYERS
4* 013 5*.0052 2*.013

INPUT ORIENTATION FOR 11 LAYERS
4*45 S*0 2%45

DO YOU WISH TO INPUT LAMINATE CONFIGURATION FOR ELEMENT 3 INPUT YES OR NO
Y

ENTER NO OF LAYERS IN THE LAMINATE
4

INPUT MATERIAL KIND FOR 4 LAYERS
axl

INPUT THICKNESS FOR 4 LAYERS
4*. 013

INPUT ORIENTATION FOR 4 LAYERS
4*4s

DO YOU WISH TO INPUT LAMINATE CONFIGURATION FOR ELEMENT & INPUT YES OR NO
Y

ENTER NO OF LAYERS IN THE LAMINATE
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6

INPUT MATERIAL KIND FOR 6 LAYERS
2%1 2%2 2*1

INPUT THICKNESS FOR 6 LAYERS
2%.013 2*.0052 2*.013

INPUT ORIENTATION FOR 6 LAYERS
2%45 2%0 2%45

DO YOU WISH TO INPUT LAMINATE CONFIGURATION FOR ELEMENT 5 INPUT YES OR NO
Y

ENTER NO OF LAYERS IN THE LAMINATE
4

INPUT MATERIAL KIND FOR 4 LAYERS
4%1

INPUT THICKNESS FOR 4 LAYERS
4% 013

INPUT ORIENTATION FOR 4 LAYERS
4%45

DO YOU WISH TO INPUT LAMINATE CONFIGURATION FOR ELEMENT 6 INPUT YES OR NO
Y

ENTER NO OF LAYERS IN THE LAMINATE
11

INPUT MATERIAL KIND FOR 11 LAYERS
4%l 5%2 2*1

INPUT THICKNESS FOR 11 LAYERS
4%, 013 5*.0052 2%.013

INPUT ORIENTATION FOR 11 LAYERS
4n45 5%0 2%45

DO YOU WISH TO INPUT LAMINATE CONFIGURATION FOR ELEMENT 7 INPUT YES OR NO
Y

ENTER NO OF LAYERS IN THE LAMINATE
8

INPUT MATERIAL KIND FOR 8 LAYERS
3*1 3*2 2*1

INPUT THICKNESS FOR 8 LAYERS
3*.013 3*>.0052 2~ 013

INPUT ORIENTATION FOR 8 LAYERS
3*65 3n0 2*45

STIFFENER PROPERTIES
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ELEMENT NUMBERS 1 2 3 4 5 6 7

ELEMENT WIDTHS = .750 .750 2.900 1.000 .400 .750 .750

ELEMENT THICKNESS = .081 .104 .052 . 062 .052 . 104 .081

ELEMENT MODULAS = .61E+07 .70E+07 .31E+07 .57E+07 .31E+07 .70E+07 .61FE+07
EA= 27E+07
EI= .35E+07
YBAR= .689

INPUT - ULTIMATE SHEAR FLOW, BUCK' ING SHEAR FLOW
800 200

WEB PROPERTIES EX, EY,GXY,NUXY,THICKNESS= .353E+07, 451E+407, .422E+07, .5378, .0572
PANEL RADIUS= 45.0

STRINGER SPACING= 10.0

RING SPACING= 24.0

ULTIMATE SHEAR FLOW= 800.0

BUCKLING SHEAR FLOW= 200.0

DIAGONAL TENSION ANGLE ALPHA= 39.84 DEGREES

WEB DIAGONAL TENSION STRAIN= .003031
STRINGER STRAIN= -.003105
RING STRAIN= -.003724
INPUT - ALLOWABLE YIELD STRAIN FOR -STRINGER AND RING
.015 015

STRINGER FORCED CRIPPLING STRAIN= .0033
RING FORCED CRIPPLING STRAIN= 0035
MAXIMUM STRINGER STRAIN= -.0035

MAXIMUM RING STRAIN= - 0042

AVERAGE STRINGER STRAIN= -.0022

AVERAGE RING STRAIN= -.0027

STRINGER MARGIN OF SAFETY= -7.0 PERCENT
RING MARGIN OF SAFETY= -18.0 PERCENT

ARE YOU HAPPY WITH THE DESIGN ? INPUT-YES OR NO
N

DO YOU WISH TO INPUT NEW STRINGER CONFIGURATION OR MODIFY ELEMENT LAMINATE PROPERTIES? INPUT
N

DO YOU WISH TO INPUT NEW RING CONFIGURATION OR MODIFY ELEMENT LAMINATE PROPERTIES? INPUT YES

N
INPUT - ULTIMATE SHEAR FLOW, BUCKLING SHEAR FLOW
900 284
WEB PROPERTIES EX,EY,GXY, NUXY,THICKNESS= .353E+07, .451E+07, .422E+07, .5378, .0572
PANEL RADIU3= 45.0
STRINGER SPACING= 10.0
RING SPACING= 24.0
ULTIMATE SHEAR FLOW= 900.0
BUCKLING SHEAR FLOW= 284.0
DIAGONAL TENSION ANGLE ALPHA= 39.481 DEGREES
WEB DTAGONAL TENSION ¢ va7N- .002837
STRINGER OSTRAIN- - 02482
RING STRAIN= L002761
INPUT - ALLOWABLE YIELD STRAIN FOR -STRINGER AND RING
.01 015

STRINGER FORCED CRIPPLING STRAIN= 0029
RING FORCED CRIPPLING STRAIN= 0031
MAXTMUM STRINGER STRAIN= - 0030
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MAXIMUM RING STRAIN= - 0033

AVERAGE STRINGER STRAIN= - 0017

AVERAGE RING STRAIN= -.0020

STRINGER MARGIN OF SAFETY= =1.0 PERCENT
RING MARGIN OF SAFETY=  -7.0 PERCENT

ARE YOU HAPPY WITH THE DESIGN ? INPUT-YES OR NO
N

DO YOU WISH TO INPUT NEW STRINGER CONFIGURATION OR MODIFY ELEMENT LAMINATE PROPERTIES? INPUT

N

DO YOU WISH TO INPUT NEW RING CONFIGURATION OR MODIFY ELEMENT LAMINATE PROPERTIES? INPUT YES

N

INPUT - ULTIMATE SHEAR FLOW, BUCKLING SHEAR FLOW
700 284

WEB PROPERTIES EX,EY,GXY,NUXY, THICKNESS= .353E+07,

PANEL RADIUS= 45.0
STRINGER SPACING= 10.0
RING SPACING= 24.0
ULTIMATE SHEAR FLOW= 700.0
BUCKLING SHEAR FLOW= 284.0

DIAGONAL TENSION ANGLE ALPHA= 38.77 DEGREES

WEB DIAGONAL TENSION STRAIN= .002085
STRINGER STRAIN= -.001587
RING STRAIN= -.001548

INPUT - ALLOWABLE YIELD STRAIN FOR -STRINGER AND RING

.015 .015

STRINGER FORCED CRIPPLING STRAIN= .0026
RING FORCED CRIPFLING STRAIN= 0027
MAXIMUM STRINGER STRAIN= -.0020

MAXIMUM RING STRAIN= -.0018

AVERAGE STRINGER STRAIN= -.0011

AVERAGE RING STRAIN= -.0011

STRINGER MARGIN OF SAFETY=  29.0 PERCENT
RING MARGIN OF SAFETY= 39.0 PERCENT

ARE YOU HAPPY WITH THE DESIGN ? INPUT-YES OR NO
N

.451E+07, .422E+07, .5378, .0572

DO YOU WISH TO INPUT NEW STRINGER CONFIGURATION OR MODIFY ELEMENT LAMINATE PROPERTIES? INPUT

N

DO YOU WISH TO INPUT NEW RING CONFIGURATION OR MODIFY ELEMENT LAMINATE PROPERTIES? INPUT YES

N

INPUT - ULTIMATE SHEAR FLOW, BUCKLING SHEAR FLOW
800 284

WEB PROPERTIES EX,EY,GXY,NUXY,THICKNESS= .353E+07,
PANEL RADIUS= 45.0

STRINGER SPACING= 10.0

RING SPACING= 24.0

ULTIMATE SHEAR FLOW= 800.0

BUCKLING SHEAR FLOW= 284.0

DIAGONAL TENSION ANGLE ALPHA= 39.40 DEGREES

WEB DIAGONAL TENSION STRAIN= .002460
STRINGER STRAIN= - 002026
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RING STRAIN= -.002132
INPUT - ALLOWABLE YIELD STRAIN FOR -STRINGER AND RING
.015 .015

STRINGER FORCED CRIPPLING STRAIN= .0028
RING FORCED CRIPPLING STRAIN= 0029
MAXIMUM STRINGER STRAIN= -.0025

MAXIMUM RING STRAIN= -.0026

AVERAGE STRINGER STRAIN= -.0014

AVERAGE RING STRAIN= ~.0016

STRINGER MARGIN OF SAFETY= 11.0 PERCENT
RING MARGIN OF SAFETY= 11.0 PERCENT

ARE YOU HAPPY WITH THE DESIGN ? INPUT-YES OR NO
N

DO YOU WISH TO INPUT NEW STRINGER CONFIGURATION OR MODIFY ELEMENT LAMINATE PROPERTIES? INPUT
N

DO YOU WISH TO INPUT NEW RING CONFIGURATION OR MODIFY ELEMENT LAMINATE PROPERTIES? INPUT YES
N

INPUT - ULTIMATE SHEAR FLOW, BUCKLING SHEAR FLOW
850 284

WEB PROPERTIES EX,EY,GXY, NUXY,THICKNESS= .353E+07, .4S51E+07, .422E+07, .5378, .0572
PANEL RADIUS= 45.0

STRINGER SPACING= 10.0

RING SPACING= 24.0

ULTIMATE SHEAR FLOW= 850.0

BUCKLING SHEAR FLOW= 284.0

DIAGONAL TENSION ANGLE ALPHA= 39.62 DEGREES

WEB DIAGONAL TENSION STRAIN= .002648
STRINGER STRAIN= -~.002252
RING STRAIN= -.002441
INPUT - ALLOWABLE YIELD STRAIN FOR -STRINGER AND RING
.015 .015

STRINGER FORCED CRIPPLING STRAIN= 0029
RING FORCED CRIPPLING STRAIN= .0030
MAXIMUM STRINGER STRAIN= -.0027

MAXIMUM RING STRAIN= -.0030

AVERAGE STRINGER STRAIN= -.0016

AVERAGE RING STRAIN= -.0018

STRINGER MARGIN OF SAFETY= 4.0 PERCENT
RING MARGIN OF SAFETY= 1.0 PERCENT

ARE YOU HAPPY WITH THE DESIGN ? INPUT-YES OR NO
N

DO YOU WISH TQO INPUT NEW STRINGER CONFIGURATION OR MODIFY ELEMENT LAMINATE PROPERTIES? INPUT
N

DC YOU WISH TO INPUT NEW RING CONFIGURATION OR MODIFY ELEMENT LAMINATE PROPERTIES? INPUT YES
N

INPUT - ULTIMATE SHEAR FLOW, BUCKLING SHEAR FLOW875 284
875 284

WEB PROPERTIES EX,EY,GXY, NUXY,THICKNESS= .353E+07, .451E+07, .422E+07, .5378, .0572
PANEL, RADIUS= 45.0

STRINGER SPACING= 10.0

RING SPACING=  24.0

ULTIMATE SHEAR FLOW= 875.0

BUCKLING SHEAR FLOW= 284.0
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DIAGONAL TENSION ANGLE ALPHA= 39.72 DEGREES

WEB DIAGONAL TENSION STRAIN= .002743
STRINGER STRAIN= -.0023686
RING STRAIN= -.002600
INPUT - ALLOWABLE YIELD STRAIN FOR -STRINGER AND RING
.015 .015

STRINGER FORCED CRIPPLING STRAIN= .0029
RING FORCED CRIPPLING STRAIN= 0030
MAXIMUM STRINGER STRAIN= -.0029

MAXIMUM RING STRAIN= -, 0031

AVERAGE STRINGER STRAIN= -.0017

AVERAGE RING STRAIN= -.0018
STRINGER MARGIN OF SAFETY= 1.0 PERCENT
RING MARGIN OF SAFETY=  -2.0 PERCENT

ARE YOU HAPPY WITH THE DESIGN ? INPUT-YES OR NO
Y
Stop - Program terminated.
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APPENDIX B

COMPOSITE PANEL ANALYSIS FOR COMPRESSION LOADS

Interactive analysis of the composite panel under compression loads

using program CRIP is presented in this Appendix.
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File name missing or blank - Please enter name
UNIT 67 con

YOU ARE EXECUTING COMPRESSION PANEL PROGRAM. *"GOOD LUCK""

INPUT NO OF MATERIALS USED IN PANEL CONSTRUCTION
UNIT 5?7 con
2

INPUT - PANEL RADIUS,PANEL LENGTH, STRINGER SPACING
45, 24. 10.

INPUT MATERIAL LAMINA PROPERTIES. LONGITUDINAL DIRECTION IS ALONG STRINGER AXIS

INPUT LAMINA PROPERTIES FOR MAT NO 1 “EL,ET,GLT,NULT"
10.e6 9.2¢6 .9e6 .055

INPUT LAMINA PROPERTIES FOR MAT NO 2 "EL,ET,GLT,NULT"
18.7e6 1.87e6 .85e6 .3

2 MATERIALS ARE USED IN PANEL CONSTRUCTION. THE LAMINA PROPERTIES ARE AS FOLLOWS

EL ET GLT NULT

MATERIAL NO 1 .1000E+08 .9200E+07 .9000E+06 .055

MATERIAL NO 2 .1870E+08 .1870E+07 .8S500E+06 .300
INPUT STRINGER CONFIGURATION-- 1 FOR HAT, 2 FOR I SECTION

111111112446444644664442111113
2 2
2 2
2 2
233332

INPUT ELEMENT WIDTHS
1. 1.30.751.12

INPUT ELEMENT ALLOWABLE ULTIMATE STRAINS
.015 012 012 015

INPUT LAMINATE PROPERTIES FOR STIFFENER ELEMENT 1
ENTER NO OF LAYERS IN THE LAMINATE
11

INPUT MATERIAL KIND FOR 11 LAYERS
6*1 3+2 2»1

INPUT THICKNESS FOR 11 LAYERS
6% 013 3*.0052 2* 013

INPUT ORIENTATION FOR 11 LAYERS
6*45 90 2*0 2*B5

INFUT LAMINATE PROPERTIES FOR STIFFENER ELEMENT 2
ARE LAMINATE PROPERTIES OF THIS ELEMENT IDENTICAL TO ANY OF THE PREVIOUS ELEMENT??
IF YES INPUT THE ELEMENT NUMBER OTHERWISE INPUT 0

ENTER NC OF LAYERS IN THE LAMINATE
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INPUT MATERIAL KIND FOR 4 LAYERS
4w

INPUT THICKNESS FOR 4 LAYERS
4% 013

INPUT ORIENTATION FOR 4 LAYERS
4745

INPUT LAMINATE PROPERTIES FOR STIFFENER ELEMENT 3
ARE LAMINATE PROPERTIES OF THIS ELEMENT IDENTICAL TO ANY OF THE PREVIOUS ELEMENT??
IF YES INPUT THE ELEMENT NUMBER OTHERWISE INPUT O

ENTER NO OF LAYERS IN THE LAMINATE
11

INPUT MATERIAL KIND FOR 11 LAYERS
271 72 2%}

INPUT THICKNESS FOR 11 LAYERS
2%.013 7%.0052 2%.013

INPUT ORIENTATION FCR 11 LAYERS
2*%45 7%0 2*45

INPUT LAMINATE PROPERTIES FOR STIFFENER ELEMENT 4

ARE LAMINATE PROPERTIES OF THIS ELEMENT IDENTICAL TO ANY OF THE PREVIOUS ELEMENT??
IF YES INPUT THE ELEMENT NUMBER OTHERWISE INPUT 0

ENTER NO OF LAYERS IN THE LAMINATE
11

INPUT MATERIAL KIND FOR 11 LAYERS
271 7%2 2%1

INPUT THICKNESS FOR 11 LAYERS
2* . 013 7*.0052 2*.013

INPUT ORIENTATION FOR 11 LAYERS
2"45 370 90 3*0 2*45

STIFFENER PROPERTIES

11111111244466444424642111111211

2 2
2 2
2 2
233332
ELEMENT NUMBERS 1 2 3 4
ELEMENT WIDTHS = 1.000 1.300 .750 1.120
ELEMENT THICKNESS = .120 .052 .088 .088
ELEMENT MODULAS = . 470E+07 .308E+0Q7 .860E+07 .892E+07

EA= JOBE+Q7
EI= _8Y9E+06
YBAR= 355

INPUT WEE LAMINATE PROPERTIES
ENTER NO OF LAYERS IN THE LAMINATE
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INPUT MATERIAL KIND FOR 5 LAYERS
2*1 2 2*1

INPUT THICKNESS FOR 5 LAYERS
2% 013 .0052 2*.013

INPUT ORIENTATION FOR 5 LAYERS
2%45 90 2*45

WEB PROPERTIES ARE AS FOLLOWS

T= .0572 EX= . 353E+07 EY= . 4S1E+07 GXY= . 422E+07 NUXY= .538
AIJ= .320E+06 .220E+06 .408E+06 .104E+05 .104E+05 .242E+06
DIJ= .930E+02 .64Q9E+02 .932E+02 .313E+01 .313E+01 .711E+02

SUMMARY OF THE RESULTS

EULER BUCKLING STRAIN= .016552
SKIN BUCKLING STRAIN= .001356
BUCKLING STRAIN OF STIFFENER ELEMENTS ARE AS FOLLOWS

.013141 .016576 .044671 .021562
CRIPPLING STRAIN OF STIFFENER ELEMENTS ARE AS FOLLOWS

.013141 .016576 .044671 .021562
FAILURE LOAD DUE TO EULER BUCKLING= .7359E+05
FATILURE LOAD DUE TC STIFFENER CRIPPLING= .4268E+05

94,  PERCENT OF THE LOAD IS CARRIED IN THE STIFFENERStop - Program terminated.

A>
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APPENDIX C

METAL PANEL ANALYSIS FOR SHEAR LOADS

The interactive computer output describing the analysis of metal
panel under shear loads is presented in this Appendix. Program TENWEB was

used for the analysis.

65




B: TENWEB
File name missing or blank - Please enter name
UNIT 6?7 CON
YOU ARE EXECUTING COMPOSITE TENSION FIELD PROGRAM. "GOOD LUCK"~
INPUT NO OF MATERIALS USED IN PANEL CONSTRUCTION
UNIT 57 CON
1

INPUT - PANEL RADIUS,RING SPACING, STRINGER SPACING
45. 26. 10.

INPUT MATERIAL LAMINA PROPERTIES. LONGITUDINAL DIRECTION IS ALONG STRINGER AXIS

INPUT LAMINA PROPERTIES FOR MAT NO 1 “EL,ET,GLT, NULT"
10.7E6 10.7E6 4.E6 .33

1 MATERIALS ARE USED IN PANEL CONSTRUCTION. THE LAMINA PROPERTIES ARE AS FOLLOWS

EL ET GLT NULT
MATERIAL NO 1 .1070E+08 .1070E+08 .4000E+07 .330

INPUT WEB LAMINATE PROPERTIES
ENTER NO OF LAYERS IN THE LAMINATE
1

INPUT MATERIAL KIND FOR 1 LAYERS
1

INPUT THICKNESS FOR 1 LAYERS
.C63

INPUT ORIENTATION FOR 1 LAYERS
0

INPUT STRINGER CONFIGURATION-- 1 FOR HAT, 2 FOR I SECTION
2

INPUT RING CONFIGURATION-- 1 FOR HAT, 2 FOR I SECTION
2

DO YOU WISH TO INPUT NEW STRINGER CONFIGURATION OR MODIFY ELEMENT LAMINATE PROPERTIES? INEUT
Y

11112222366667777

DO YOU WISH TO INPUT NEW ELEMENT WIDTHS? INPUT YES OR NO
Y

INPUT ELEMENT WIDTHS
“e26 0.0 1 25 1.125 0 3 SB25

07 YOU WISH TO INPUT LAMINATE CONFIGURATION FOR ELEMENT 1 INPUT YES OR NO
¥

ENTER NO OF LAYERS IN THE LAMINATE
1

INPUT MATERIAL KIND FOR 1 LAYERS
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1

INPUT THICKNESS FOR 1 LAYERS
.084

INPUT ORIENTATION FOR 1 LAYERS
0

DO YOU WISH TO INPUT LAMINATE CONFIGURATION FOR ELEMENT 3 INPUT YES OR NO
Y

ENTER NO OF LAYERS IN THE LAMINATE
1

INPUT MATERIAL KIND FOR 1 LAYERS
1

INPUT THICKNESS FOR 1 LAYERS
.094

INPUT ORIENTATION FOR 1 LAYERS
0

DO YOU WISH TO INPUT LAMINATE CONFIGURATION FOR ELEMENT 4 INPUT YES OR NO
Y

ENTER NO OF LAYERS IN THE LAMINATE
1

INPUT MATERIAL KIND FOR 1 LAYERS
1

INPUT THICKNESS FOR 1 LAYERS
.094

INPUT ORIENTATION FOR 1 LAYERS
0

DO YOU WISH TO INPUT LAMINATE CONFIGURATION FOR ELEMENT 7 INPUT YES OR NO
Y

ENTER NO OF LAYERS IN THE LAMINATE
1

INPUT MATERIAL KIND FOR 1 LAYERS
1

INPUT THICKNESS FOR 1 LAYERS
.084

INPUT ORIENTATION FOR 1 LAYERS
0

STIFFENER PROPERTIES

11112222366667777
3

3
3
3 5
3 5

344445
ELEMENT NUMBERS 1 2 3 4 5 6
ELEMENT WIDTHS = .563 .000 1.250 1.12% .Go0 .000
ELEMENT THICKNESS = 084 .ao00 .084 .084 .Q00 .000
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ELEMENT MODULAS = .11E+08 .00E+00 .11E+08 _.11E+08 .00E+n0 .00E+00 .11E+03
EA= _35E+07
EI= .10E+07
YBAR= .625

DO YOU WISH TO INPUT NEW RING CONFIGURATION OR MODIFY ELEMENT LAMINATE PROPERTIES? IN®!T Y=7

Y

11112222366667777
3

5

3
3
3 5
3
344445

DG YOU WISH TO INPUT NEW ELEMENT WIDTHS? INPUT YES OR NO

Y

INPUT ELEMENT WIDTHS
.5625 0. 1.375 1.125 0. 0. .5625

DO YOU WISH TO INPUT LAMINATE CONFIGURATION FOR ELEMENT 1 INPUT YES OR NO
Y

ENTER NO OF LAYERS IN THE LAMINATE
1

INPUT MATERIAL KINRD FOR 1 LAYERS
1

INPUT THICKNESS FOR 1 LAYERS
.125

INPUT ORIENTATION FOR 1 LAYERS
0

DO YOU WISH TO INPUT LAMINATE CONFIGURATION FOR ELEMENT 3 INPUT YES OR NO
Y

ENTER NO OF LAYERS IN THE LAMINATE
1

INPUT MATERIAL KIND FOR 1 LAYERS
1

INPUT THICKNESS FOR 1 LAYERS
.125

INPUT ORIENTATION FOR 1 LAYERS
0

DO YOU WISH TO INPUT LAMINATE CONFIGURATION FOR ELEMENT & INPUT YES OR NO
Y

ENTER NO OF LAYERS IN THE LAMINATE
1

INPUT MATERIAL KIND FOR 1 LAYERS
1

INPUT THICKNESS FOR 1 LAYERS
. 125

INPUT ORIENTATION FOR 1 LAYERS
0

DO YOU WISH TO INPUT LAMINATE CONFIGURATION FOR ELEMENT 7 INPUT YES OR NO
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ENTER NO OF LAYERS IN THE LAMINATE
1

INPUT MATERIAL KIND FOR 1 LAYERS
1

INPUT THICKNESS FOR 1 LAYERS
.125

INPUT ORIENTATION FOR 1 LAYERS
0

STIFFENER PROPERTIES

ELEMENT NUMBERS 1 2 3 4 5 [ 7
ELEMENT WIDTHS = .563 .000 1.375 1.125 .000 .000 . 563
ELEMENT THICKNESS = .125 .000 .125 .125 .000 .000 .125
ELEMENT MODULAS = .11E+08 _O00E+00 ,11E+08 .11E+08 .00E+00 .00E+00 .11E+(8
EA= _4BE+07
EI= .17E+07
YBAR= .688
INPUT - ULTIMATE SHEAR FLOW, BUCKLING SHEAR FLOW
900 200

WEB PROPERTIES EX,EY,GXY,NUXY,THICKNESS= .107E+08, .107E+08, _.400E+07, .3300, .0630
PANEL RADIUS= 45.0

STRINGER SPACING= 10.0

RING SPACING= 24.0

ULTIMATE SHEAR FLOW= 900.0

BUCKLING SHEAR FLOW= 200.0

DIAGONAL TENSION ANGLE ALPHA= 40.40 DEGREES

WEB DIAGONAL TENSION STRAIN= .002074
STRINGER STRAIN= -.003400
RING STRAIN= -.003423
INPUT - ALLOWABLE YIELD STRAIN FOR -STRINGER AND RING
.004 004

STRINGER FORCED CRIPPLING STRAIN= 0025
RING FORCED CRIPPLING STRAIN= .0027
MAXIMUM STRINGER STRAIN= -.0028

MAXIMUM RING STRAIN= -.0028

AVERAGE STRINGER STRAIN= -.0015

AVERAGE RING STRAIN= -.0015
STRINGER MARGIN OF SAFETY= -12.0 PERCENT
RING MARGIN OF SAFETY= -3.0 PERCENT

ARE YOU HAPPY WITH THE DESIGN ? INPUT-YES OR NO
N

DO YOU WISH TO INPUT NEW STRINGER CONFIGURATION OR MODIFY ELEMENT LAMINATE PROPERTIES? INPUT
N
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DO YO! WISH TO INFUT NEW RING CONFIGURATION OR MODIFY ELEMENT LAMINATE PROPERTIES® [INFUT YFS

N

INPUT - ULTIMATE SHEAR FLOW, BUCKLING SHEAR FLOW
ago 200

WEB PROPERTIES EX.EY,GXY,NUXY,THICKNESS= . 107E+08, .107E+08, . 4(OQE+07,

PANEL RADIUS= 45.9
STRINGER SPACING= 1¢.0
RING SPACING= 24.0
ULTIMATE SHEAR FLOW= 900.0
BUCKLING SHEAR FLOW= 200.0

L3303 M-y

DIAGONAL TENSICN ANGLE ALPHA= 40.40 DEGREES
WEB DIAGCNAL TENSION STRAIN= .002074
STRINGER STRAIN= -.00340D
RING STRAIN= - .0C3423
INFUT - ALLCWABLE YIELD STRAIN FOR -STRINGER AND RING
C0ES L0065
STRINGER FIRCED CRIPPLING STRAIN= 0030
RING FORCED CRIPPLING STRAIN= (033
MAXIM'™ STRINGER STRAIN= -.0028
JAXIMUM RING STRAIN= - 0028
AVERAGE STRINGER STRAIN= -.0015
AVERAGE RING STRAIN= -.0015
STRINGER MARGTN OF SAFETY= 6.0 PERCENT
AING MARGIN (7 SAFETY= 16.0 PERCENT
AR< YOU HAPPY WITH THE DESIGN ? INPUT-YES OR NN
N
D YOU WISH TO INPUT NEW STRINGER CONFIGURATION OR MODIFY ELEMENT LAMINATE PROPERTIES? INPUT
N
T YOU WISH TO INPUT NEW RING CONFIGURATION OR MODIFY ELEMENT LAMINATE PROPERTIES? INFUT YES
N
TUPUT - ULTIMATE SHEAR FLOW, BUCKLING SHEAR FLOW
90 286
WEB PROPERTIES EX,EY,GXY, NUXY, THICKNESS= .107E+08, .107E+08, .400E+07, .3300, .0630
PANEL RADIUS= 4S.0
STRINGER SPACING= 10.0
RING SPACING= 24.0
ULTIMATE SHEAR FLOW= 900.0
BUCKLING SHEAR FLOW= 226.0
DTAGONAL TENSION ANGLE ALPHA- 473.31 DEGREES
WEE DTAGONAL TENSION STRAIN= .002059
STRINGER STRAIN= - 0023084
RINS STRAIN~ - 0013027
INFUT - ALLCWABLE YIELD CTRAIN FCR -GTRINGER AND RING 1
0tes  olen
STRINGER FORCED CRIFPLING STRAIN= .0028
RING FCRCED CRIFPLING STRAIN= 0032 £

MAXIMUM 3TRINGER STRAIN= - 0725

MAXIMUM RING STRAIN= - 02024

AVERAGE STRTNGER STRAIN= -.0013

AVERAGE RING STRAIN-= -.0nN12

STRINGEK MARGIN OF SAFETY= 17 0 PERCENT
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RING MARGIN OF SAFETY=  31.0 PERCENT

ARE YOU HAPPY WITH THE DESIGN ? INPUT-YES OR NO
N
DO YOU WISH TO INPUT NEW STRINGER CONFIGURATION OR MODIFY ELEMENT LAMINATE PROPERTIES? INPUT

DO YOU WISH TO INPUT NEW RING CONFIGURATION OR MODIFY ELEMENT LAMINATE PROPERTIES? INPUT YES
N

INPUT - ULTIMATE SHEAR FLOW, BUCKLING SHEAR FLOW
900 350

WEB PROPERTIES EX,EY,GXY, NUXY, THICKNESS= .107E+08, .107E+08, .400E+07, .3300, .0630
PANEL RADIUS= 45.0

STRINGER SPACING= 10.0

RING SPACING=  24.0

ULTIMATE SHEAR FLOW= 900.0

BUCKLING SHEAR FLOW= 350.0

DIAGONAL TENSION ANGLE ALPHA= 39.63 DEGREES

WEB DIAGONAL TENSION STRAIN= .001991
STRINGER STRAIN= -.001867
RING STRAIN= -.001722
INPUT - ALLOWABLE YIELD STRAIN FOR -STRINGER AND RING
.0065 .0065

STRINGER FORCED CRIPPLING STRAIN= .0024
RING FORCED CRIPPLING STRAIN= 0027
MAXIMUM STRINGER STRAIN= -.0013

MAXIMUM RING STRAIN= -.0012

AVERAGE STRINGER STRAIN= -.0009

AVERAGE RING STRAIN= -, 0007

STRINGER MARGIN OF SAFETY= 81.0 PERCENT
RING MARGIN OF SAFETY= 128.0 PERCENT

ARE YOU BAPPY WITH THE DESIGN ? INPUT-YES OR NO
Y
Stop -~ Program terminated.
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